Introduction
Nuclear scattering radiography (N.S.R.) relies on strong nuclear interaction.13 When protons in the GeV energy range are incident on an object, most of them go through with a very small angular deviation due to multiple Coulomb scattering (M.C.S.) and a little energy loss. Some of the particles, however, have strong nuclear interactions with the nucleons bound in the nuclei of the atoms of object. The collision called quasielastic has nearly the character of an elastic encounter between particles of the same mass ; so the angular deviation of the incident particle is big. Practically the useful range is 15-40°. Measuring the trajectories of the incoming and outgoing charged particles, one may compute the three space coordinates of the interaction vertices whose density distribution reflects the matter distribution in the bombarded body. So one obtains directly 3-D radiography without moving the incident beam or the object. The number of protons scattered by a volume element is directly proportional to the nuclear quasi-elastic cross section. Its dependence on the atomic mass A is very different from thatof X-ray coefficients : in case of N.S.R.,interaction, lengths are higher and this makes possible the radiography of thicker or heavier materials. Radiographs obtained by measuring only the incident and scattered trajectories are called simple radiographs by opposition to the hydrogen radiographs obtained by observing a third particle, the recoil nucleon. In that case, kinematical relations between the three particles allow to separate the nuclear scattering on hydrogen atoms from scattering on all other elements. It gives an information on the hydrogen content of targets.
Experimental method
The experimental set-up consists mainlyof four multiwire proportional chambers CH (planes X-Y) perpendicular to the beam direction (Z-axis). CH1 and CH2 placed before the target localize the incident particle (coordinates XlYl,X2Y2). Their useful area which defines the field of radiography is 20 x 20cm2 and their localization resolution is 0.6 mm. CH3 and CH4 placed after the target localize the scattered proton (coordinates X3Y3, X4Y4) up to a scattering angle of 400: their useful area is 100 x 100 cm2 and their localization resolution between 1 and 2 mm. CH3 is able also to localize a recoil proton if any (coordinates X5Y5). A coding system reads the eight or ten coordinates and transfers them to a fast computer called SAR. Taking advantage of the relatively small nuclear absorption involved in N.S.R., we have looked at the limits of defect detection and localization in metals like iron, copper, lead,uranium.6 Defects are plane air gaps between metal blocks, perpendicular to the beam axis. The gap width may be varied. In that conditions, for iron we detected and localized defects of 0.1, 0.2 and 0.4 mm width in blocks of thickness 4, 11 and 22 cm respectively. For the thicker blocks the limitation comes from errors given by M.C.S. It could be improved by increasing the energy of the incident proton.
II. Radiography of an electric motor
To illustrate the capability of N.S.R. in technical application, Fig. 1 shows the radiography of an electric motor at rest. 
III. Radiography of a human head
To illustrate the capability of N.S.R. in medical applications, Fig. 2 shows some radiographs obtained on a human head fixed in a formalin solution. Position of the head is so that the transverse planes X-Y correspond to sagittal slices. These results are encouraging on the usefulness of the N.S.R. method but its use will be limited by the need of a big accelerator delivering a GeV proton-beam. But one has to point out that the very low intensity proton beam needed does not disturb the physic experiments of existing accelerators. The first one is the computing time (50 ps) of the vertex interaction. We have now set a big buffer in front of the S.A.R. which allows to compute vertices permanently. So very soon, it will be possible to increase our speed acquisition by a factor 2-3. Furthermore, a new version of SAR will increase this speed by a factor ten in two years.
A second limit is due to the intensity of the incident beam crossing the localization chambers. Now, this intensity is of the order 2-4 x 105 protons per burst and to radiography 10 times faster, it has to be of the order 2-4 millions which is too much for the 1 m2 chambers. So we plan to set four chambers, parallel to the beam on the left and right side to localize the scattered trajectories. In that way, we will be able to treat intense beams and obtain radiography in some minutes. This new set-up could be ready in two years.
